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INTRODUCTION 
The development of a new type of resource-saving and energy-saving 
technical system in the field of water treatment is awaited with the in-
creasing concern on the problem of world wide resource shortage. On the 
other hand， eutrofication in a closed water basin is now becoming a se-
rious problem in water pollution， and effective measures against pollution 
and the methods of water quality purification and control are required. 
The possibility of water purification using water hyacinth (Eichhornia 
σ-asipes (Mart.) Solms) growing in a natural water area as one of the wa-
ter purification systems of the resource-saving and energy-saving type 
was examined to get a guiding principle to the practical use. The water 
hyacinth grows very flourishingly and is rich in nutrients. The important 
parameters serving as a guiding principle to the practical use are consi-
dered to be the relationship between the growth rate of water hyacinths 
and water quality， the contents of nutrients in the biomass and the har-
vesting interval. These parameters are discussed herein 
OUTLINE OF FACILITIES 
Fig. 1 shows the facilities used in these experiments. Water was 
pumped up at the rate of 10 t/d from the irrigation channel to the settling 
pond ( 1 ).The average retention time of this pond was one day. Water 
passed through the catalytic oxidation pond to the pond for water 
hyacinths cultivation. The average retention time of the catalytic oxida-
tion pond and cultivation pond of water hyacinths was about 2.7hours 
and 2.75days respectively. The area and the depth of the cultivation 
pond was 55m2 and O. 5m， respectively. 
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FIG. 1. Experimental Facility and Sampling Points of Water 
MATERIALS AND METHODS 
The experiments (Yagi and Aoyama 1983， 1984) were conducted for 
two years in 1982 and 1983. The period of cultivation was about 210days 
from April to November for both years. 
About 4 kg-F. W. of water hyacinths were introduced to each ex-
perimental plot at the beginning of the experiment. After the water 
hyacinths covered the whole surface area of the plots， they were har-
vested at intervals of 10-14 days and the biomass of the water hyacinths 
was measured. Water was sampled at the same time for examination of 
water qualities at the laboratory. The biomass after harvesting was ad-
justed so as to become 5-10kg-F.W./m2 in 1982 and 15-20kg・.F.W./mzin 
1983. The pond was divided into four plots and the experiments were 
duplicated. 
RESUL TS AND DISCUSSION 
1. Concentratio町 ofNutrients in Water and Water Hyacinths 
Inorganic nitrogen accounted for 40-70% of the total nitrogen and in-
organic phosphate accounted for 60-80% of the total phosphate for both 
years. Since the decrease in inorganic nitrogen and phosphate in the 
pond was greater than that of organic forms， water hyacinth is consid-
ered to absorb mainly inorganic form. Figs. 2 and 3 show the rela-
tionship between the concentration of inorganic nitrogen and phosphate 
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in water and the nitrogen and phosphate contents in the top and the root 
of the water hyacinths for the both years. Their mathematical relationship 
is expressed by: 
Y = Cmax . X/ (Ks+ X). .・H ・..・H ・..・H ・. (1) 
Where Cmax and Ks are constant， Y is the contents of nitrogen or phos-
phate in the biomass (%) and X is the concentration of nitrogen or phos-
phate in the water (0喝/1).The solid curves in the figures are values calcu-
lated from equation (1). The values of the parameters used in the calcula-
tion are shown in the figures. The calculated values coincided with the 
observed values， although there was dispersion in the data in the figures. 
This dispersion is considered to be due to the difference in the uptake 
depending on the chemical form of the nutrients in the water which is not 
taken into account and the air and the water temperatures， solar radiation 
and other factors depending on the season which are also ignored. 
2. Growth Rate of防御崎'acinthand Concentration of Nutrients 
When there is no spatial limitation in the water area， the growth of 
the water hyacinths is generally expressed as follows (Aoyama 1982): 
dMt/ dt = l' Mt.・…...・H ・. H ・-…H ・H ・-…H ・H ・. (2) 
where Mt is the biomass at time t (kg-F. W. or kg-F. W.lm2) and μis the 
relative growth rate (RGR) ( 1 /d). The growth rate is changeable depend-
ing on various environmental factors. One of the expressions is Monod' s 
equation which is the same type as equation (1). Fig. 4 shows the rela-
tionship between the relative growth rate and the concentrations of nit-
rogen and phosphate in water. The values calculated from Monod' s equa-
tion are shown in the solid curves in the figures. The data for both years 
are plotted on one figure without considering any other environmental 
factors. 
Imaoka et al. (1985) showed the relationship between μand air 
temperature as: 
μ= 0.15 !eO.033(Tー 10)- 1 f .…..・H ・. H ・. (3) 
Lobers et al. (1984) also proposed the following correction coefficient for 
tem perature. 
h = 1.0ー 0.0038(Tー 29)2 ….・H ・.…..・H ・. (4) 
These equations suggest that the relative growth rate is especially 
affected by temperature. 
Fig. 5 shows the relationship between the relative growth rate and 
the contents of nitrogen in top part of the water hyacinths. The rela-
tionship between them is shown as a linear expression. Table 1 and 
Fig. 6 show the average values and the ranges of dry weight， contents of 
nitrogen and phosphate in the water hyacinths and the yield for both 
years. No difference in average values was observed in the two years. 
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Fig. 6 shows clearly the decrease in the yield， and the content of nIt-
rogen and phosphate in the water hyacinths along the direction of water 
flow in the cultivation pond， which reflects their values depend on the 
concentration of nitrogen and phosphate in water. These changes coin-
cide with the results shown in Figs. 2-5 . 
Fig. 7 shows the monthly change in the relative growth rate. The 
highest value of the relative growth rate was obtained from May to June. 
Air temperature is higher in August than in June， but the quantity of so・
lar radiation is stronger in June than in August (Aoyama et al. 1981). So-
lar radiation is， therefore， considered to effect the growth rate more 
strongly than air temperature. 
Fig. 8 shows the relationship between the growth rate and daily 
average solar radiation for each cultivation interval. The linear regres-
sion equation between them is expressed as: 
Y = 0.000173Xー 0.026. ….. (5) 
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In this case， the coefficient of correlation was 0.719. The logarithmic re-
gression curve for the same data is expressed as: 
Ln (Y) = 0.0042X-4.92. …H ・H ・. H ・..・H ・. (6) 
In this case， the coefficient of correlation was 0.768， which was a litle 
higher than that in the former case. 
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Equation (2) can be solved under the initial condition of M ( 0 ) =Mo. 
M(t)=Moeμt .・H ・. H ・..・H ・.・H ・..・H ・. (7) 
The theoretical yield of water hyacinths (Mn) for the harvesting interval 
(t) is expressed as: 
Mn = M (t)ー Mo= Mo (eμt_ 1). .・H ・-… (8)
when the harvesting interval is t days， the yield for T days is; 
Mn = Mo (eμt-1)T/t. .・H ・..・H ・..・H ・. (9) 
When the standing crop at the harvest time is Ms， the initial biomass of 
the water hyacinths is; 
Mo = Ms/eμt 
From equations (9) and (10)， the total yield is expressed as: 
Mn = Ms(e.ut-1) /e"tT /t.….....・H ・.・H ・-… ω
We can calculate the total yield of water hyacinths from equation (1). 
Now 100 units was given as the value of Ms and when T=30 days and t 
(10) 
3. 
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T ABLE 1 A verage Values of Dry Matter， N and P Contents 
Dry Matter (%) 
Exp. Plot A B C D Average 
1982 4.1-5.7 4.1-5.6 4.5-5.8 4.4明6.3
(4.9) (4.9) (5.1) (5.5) 5.1 
1983 4.2・5.6 4.0-5.5 4.4・5.3 4.0・6.2
(4.6) (4.7) (5.0) (5.2) 4.9 
N Content (% Dry Base) 
1982 2.2-4.1 2.1・4.5 1.2-4.4 0.8-4.2 
(3.2) (2.8) (2.3) (1.8) 2.5 
1983 2.1-3.9 1.9・4.0 1.2・3.6 0.9・3.4
(3.0) (2.7) (2.3) (1.6) 2.5 
P Content (% Dry Base) 
1982 0.55・0.75 0.47・0.86 0.40・0.79 0.40・0.79
(0.66) (0.60) (0.53) (0.48) 0.57 
1983 0.56・0.84 0.42-0.89 0.33・0.66 0.29・o.ω
(0.67) (0.61) (0.51) (0.42) 0.57 
= 1 ， 5 ，10，15，30 days， the total yield of water hyacinths was calculated 
as shown in Table 2. Ratio 1 in the table represents the relative change 
in the total yield for T days depending on the harvesting interval for the 
case of the constant relative growth rate. F or example when μ= 0.1， 
three times of the total yield could be obtained when harvest is done ev-
ery day compared with the harvesting interval of once a month. Ratio 2 
represents the relative change in the total yield depending on the harvest-
ing interval and the relative growth rate. As can be seen in this table， we 
can increase the total yield for a given period by increasing the harvest-
ing frequency. 
Water hyacinths can be grown for about 7 months from April to 
October in the natural water area in the Okayama district. When water 
hyacinths are cultivated without harvesting for this period at 1 kg-D. W. 
of the initial introduction of water hyacinths， the change in the standing 
crop and the total yield were calculated. On the basis of their calculation 
results， the total nitrogen and phosphate taken up by water hyacinths and 
the man-equivalent of nitrogen and phosphate discharged to the environ-
ment by man to those taken up by water hyacinths was calculated. These 
are shown in Table 3. The water hyacinth biomass is estimated to in-
crease to about 100∞times of the initial biomass in 7 months. The stand-
ing crop 1 kg -D. W. of water hyacinths can be occupied about 1 m2 in 
I∞% of covering area. So， they would occupy about 10000m2 of the sur-
face water area. 
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T ABLE 2 Relative Production of Water Hyacinth 
RGR 0.04 0.06 
Mo Mn Ratio1 Ratio2 Mo Mn Ratio1 Ratio2 
30 30.1 69.9 100 100 16.5 83.5 100 119.4 
15 54.9 90.2 129.1 129.1 40.7 118.7 142.2 169.8 
10 67.0 98.9 141.5 141.5 54.9 135.4 162.2 193.7 
5 81.9 108.8 155.6 155.6 74.1 155.5 166.3 222.5 
96.1 117.6 168.3 188.3 94.2 174.7 209.3 250.0 
RGR 0.08 0.10 
30 9.1 90.9 100 130.1 5.0 95.0 100 136.0 
15 30.1 139.8 153.7 200.0 22.3 155.4 163.5 222.3 
10 44.9 165.2 181. 7 236.4 36.8 189.6 199.6 271.4 
5 67.0 197.8 217.5 283.1 60.7 236.1 248.5 337.8 
92.3 230.7 253.8 330.1 90.5 285.5 300.4 408.5 
T ABLE 3 Monthly Change in Standing Crop 
M(t)=Mo・πEXP(I(i)・t)
Month RGR Standing Def. N Man-Eq P Man-Eq. 
(lIday) Crop (kg-D. W.) (kg) (persons) (kg) (persons) 
(kg-D. W.) 
1.0 
APR 0.050 4.5 3.5 0.087 0.27 0.02 0.29 
MAY 0.075 42.5 38.0 0.95 2.9 0.22 3.1 
jUN 0.053 208.5 166 4.15 12.6 0.95 13.7 
JUL 0.040 692.3 483.8 12.1 36.7 2.75 40.0 
AUG 0.036 2038.6 1346 33.7 102 7.67 III 
SEP 0.029 4865.9 2828 70.7 214 16.1 234 
OCT 0.026 10614.8 5749 144.7 436 33.9 475 
Unit of pollution source 
T.N: 1 9 /capita.day=330 9 /capita'M 
T.P: 2.3 ~ =69 。
Ave. N and P content in Water Hyacinth 
N=2.5%: P=0.57% by dry base 
Let us try another calculation to show the capacity of uptake of nit-
rogen and phosphate by cultivating the water hyacinth. When water 
hyacinths are cultivated at 10 ha of water area and harvested twice a 
month so as to be obtained at the rate of the maximum biomass， about 
2100kg of nitrogen and 3700kg of phosphate are estimated to be taken up 
by harvested water hyacinths for 7 months as shown in Table 4. In this 
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case， about 7-8 m2 of water area would be needed for removal of nit-
rogen and phosphate discharged daily by a person. 
T ABLE 4 Removal Capacity 01 N and P under the Harvesting Management 01 Water Hyacinth 
Culture 
Month. Standing the yield N Man-Eq. P Man-Eq 
Day Crop 
(kg/10ha) (kg-D. W.) (kg) (persons) (kg) (persons) 
4_1 15∞ 
4_30 6720 (5.22X 103) 183 554 31 454 
5.31 6.38X 104 (5.71 X 103) 2∞ 586 34 481 
6.15 1.5 X 105 8.23X10. 2880 17450 494 14320 
6.30 。 6.77X104 2370 14360 406 11770 
7.15 " 7.09X10
4 2480 15040 425 12320 
7.31 " 6.26X104 2190 12450 376 10220 
8.15 今 6.57X104 幻∞ 13940 394 11420 
8.31 。 5.29X 104 1850 10520 317 8610 
9.15 '" 5.29X 10
4 18ω 10520 317 8610 
9.30 '" 4.84XI0. 1690 10270 290 84∞ 
10.15 " 5.10XI0
4 1790 10820 306 8870 
10.31 '" (5.10X 10.) 1790 10820 306 8870 
Total 70.40XI04 21573 3696 
In the case that water hyacinths are cultivated on 10 ha 01 water surface area at 1.5 kg-D. Wノm2
01 the maximum cultivation density. 
CONCLUSION 
The trial calculation of water purification capacity shown in Table 
3 suggests that water purification using water hyacinths in natural water 
area is not always efficient compared with other biological or chemical 
water treatment methods from the viewpoint of area to cultivate water 
hyacinths. However， ifnatural water channels， pond or unused rice fields 
are used in a rural area for the cultivation of water hyacinths， we could 
get a sufficient water surface area along the water way from pollutants 
source to a river-mouth. On the other hand， ifthe technical utilization 
system of the water hyacinths harvested such as animal foods， fertilizer， 
soil improvement or raw materials to pulp or biogas could be established， 
they could provide additive values， and the utilization of water hyacinths 
could become a low-priced and easily treatable method to purify polluted 
waters. 
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SUMMARY 
Water hyacinth (Eichhorniaσ'asSl戸S (Mart.) Solms) grows very 
Hourishingly and has a high content of nutrients. We conducted cultiva-
tion experiments of water hyacinth to check whether the water hyacinth 
is worth using for water purification and to obtain a guiding principle to 
the practical use of water hyacinths grown in natural water channels or 
ponds in 1982 and 1983. 
The average dry weight， the contents of nitrogen and phosphate in 
biomass for al data in both years were 5.0%， 2.5%， 0.5796，respectively. 
The growth rate of the water hyacinth was higher from May to June than 
in other seasons， which was due to strong solar radiation. The logarith-
mic regression equation between the growth rate (Y) and solar radiation 
(X) was expressed by Ln (Y) = O. 0042X -4.92 with a coefficient of cor-
relation of 0.768. The relationship between the concentration of nutrients 
in water (X) and in water hyacinth (Y) is expressed by Y = Cmax • XI (Ks 
+ X)， which is called Monod's equation. The relationship between the re-
lative growth rate and the concentration of nutrients was also expressed 
by the same type of equation. The relationship between a harvesting in-
terval and the total yield of the water hyacinth within a given period was 
expressed by a mathematical model. 1t was made clear from the model 
that the shorter the harvesting interval was， the more the total yield of 
the crop increased. 
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